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 摘 要  
目的：评估脑外伤合并骨折后血清 IL-10、TNF-α的含量，IL-10是否对骨折
的愈合有促进作用，从而评价脑外伤促进骨折愈合与血清中高 IL-10 的关系。 
方法：选取 120 只 3月龄 SD雄性大鼠，体重为 195-210g。按照随机数字表
法，分为 4 组，每组 30 只，分别作以下处理：A 组：脑外伤合并股骨骨折组；
B组：单纯脑外伤组；C 组：单纯股骨骨折组，腹腔注射 IL-10蛋白（10μg/kg•d）；
D组：单纯股骨骨折组，腹腔注射 PBS 溶液（1ml）。连续 6周观察 A组和 B组
大鼠一般情况，并评估颅脑损伤程度。伤后第 6小时、第 24小时和第 48小时，
ELISA 法测定 A 组和 B 组血清中 IL-10、TNF-α 的含量。术后第 1 天、4 天、7
天和 14天，检测 C 组和 D组肝肾功能指标。术后第 2周、4周和 6周，行 C 组
和 D 组侧位 X 线检查，计算骨痂体积，并于骨折断端附近取骨痂组织，行 HE
染色、Masson 染色、免疫组化检测。所有的统计数据均用平均值±标准差（x±s）
表示，统计学检验用 t 检验，统计学数据应用 IBM SPSS 19.0 计算，P＜0.05记
为有统计学差异。 
结果：1.NSS 评分：伤后第 6小时最高，平均评分为 11.01±1.82（满分为 25
分），后逐渐降低，1个月后颅脑损伤的功能开始恢复。2.血清 IL-10 含量：术后
第 6小时、24小时和 48小时，A组高于 B组和 D组，B组高于 D 组，P＜0.05，
且三组 IL-10都在伤后第 24小时达到峰值。3.血清 TNF-α含量：术后第 6小时、
24小时和 48小时， A 组高于 B组和 D组，P＜0.05，B组与 D组没有明显差异。
4.X 线测量骨痂体积：C 组和 D 组术后第 2 周、4 周和 6 周，同一时间，C 组骨
痂体积均比 D组骨痂体积大。5.肝肾功能指标：C 组和 D组在术后第 1天和第 4
天，肝肾功能指标均高于正常，至第 7天，肝肾功能指标开始回归正常范围内，
两组大鼠的肝肾功能指标没有统计学差异。6.组织学检查：C 组在术后第 2周、
4周和 6周，成纤维细胞和软骨细胞数目及胶原蛋白的含量均高于 D组，P＜0.05。 

































Objects：To evaluate the serum IL-10 and TNF-α after trauma brain injury 
combined fracture. IL - 10 whether have a promoting effect on the healing of bone 
fracture. 
Methods：120 3-month-old male SD rats (weight 195-210g) were randomly 
divided into 4 groups according to random number table. Each group has 30 rats. 
They were dealed with the 4 methods as follows: Group A: trauma brain injury 
combined femoral fracture; Group B: trauma brain injury singly; Group C: the right 
femoral fracture with injecting IL-10 (10µg/Kg•d) in 2 weeks; Group D: the right 
femoral fracture with injecting PBS (1ml) in 2 weeks. At the 6th hour, 24th hour and 
48th hour post-injury, rats of Group C and Group D were determinated the IL-10 and 
TNF-α levels in the serum by ELISA method. At the 1st day, 4th day, 7th day and 14th 
day postoperative, liver and kidney function indexes were examined of Group C and 
Group D. At the 2ed week, 4th week, 6th week postoperative, X-rays were necessary  
took of rats from Group C and Group D to evaluate the bone callus volume, what’s 
more, we also fetched the tissue near the fracture fragments to HE dyed, Masson stain 
and immunohistochemical examination. All of the statistical datas are expressed as 
mean ± standard deviation（x±s）. T test was used to analysis the data. Using IBM 
SPSS 19.0 software to data analysis. P<0.05 as a statistically significant defference. 
Results：1. NSS score: at the 6th hour, the score reached the peak and the average 
score was 11.01±1.82. Gradually the function of the trauma brain injury recovery to 
normal after 1 month. 2.The contents of IL-10: At the 6th hour,24th hour and 48th hour 
post-injury, the contents of IL-10 in Group A was higher than in Group B and Group 
D, and it was higher in Group B than in Group D,P<0.05. 3. The contents of TNF-α: 
At the 6th hour, 24th hour and 48th hour post-injury, the contents of TNF-α in Group A 
was higher than in Group B and Group D, P<0.05, however, it was no difference 















6th week, the bone callus’s volume in Group C was larger than in Group D,P<0.05. 5. 
At the 1st day and 4th day postoperative, the liver and kidney function indexes were 
higher than normal. While at the 7th day, the indexes had returned to normal in Group 
C and Group D. 6. Histological examination: Fibroblast cells and cartilage cells and 
collagen protein contents in Group C were higher than in Group D at the 2ed week, 4th 
week and 6th week, P<0.05. 
Conclusion：This study suggests that the contents of IL-10 and TNF-α in serum 
were increased in the experimental animal models of trauma brain injury with fracture. 
And successive intraperitoneal injection of IL-10 can promote callus volume be more 
around the femoral fracture fragments. What’s more, promoting fracture healing by 
traumatic brain injury may be associated with high content of IL-10 in serum. 
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英文缩写 英文全称 中文全称 
IL-10 interleukin-10 白介素-10 
TNF-α tumor necrosis factor-α 肿瘤坏死因子-α 
PBS phosphate buffer 磷酸盐缓冲液 
HE hematoxylin-eosin 苏木精-伊红 
ELISA enzyme linked immunosorbent assay 酶联免疫吸附测定 
NSS neurological severity score 脑损伤严重程度评分 
BMPs bone morphogenetic proteins 骨形态发生蛋白 
FGF-2 fibroblast growth factor-2 成纤维细胞生长因子-2 
PTH parathyroid hormone 甲状旁腺激素 
TGF-β transforming growth factor-β 转化生长因子-β 
PDGF platelet derived growth factor 血小板衍生生长因子 
PDGF-BB Platelet-derived Growth Factor-BB 血小板衍生生长因子-BB 
IFN-γ interferon-γ 干扰素-γ 
OPG osteoprotegerin 骨保护素 
NFATc1 nuclear factor of activated T-cells,  
cytoplasmic 1 
活化 T细胞核因子-胞浆 1 
4-IBBL 4-lBB ligand 4-lBB配体 
TBM tetramethylbenzidine 四甲基联苯胺 
EDTA ethylenediaminetetraacetic acid 乙二胺四乙酸 
SABC streptAvidin—biotin complex 链霉亲和素—生物素 复合物 
ALT alanine aminotransferase 谷丙转氨酶 
AST aspartate transaminase 谷草转氨酶 
MHC major histocompatibility complex 主要组织相容性复合体 
HMGB1 high mobility group box-1 protein 高迁移率族蛋白 1 

















英文缩写 英文全称 中文全称 
Runx2 runt-related transcription factor 2 Runt 相关转录因子 2 
Ihh Indian hedgehog 印度刺猬因子 



































































































愈合率高。（2）、PDGF：DiGiovann 等[28]使用重组人 PDGF-BB 与自体骨移植治
疗足踝关节融合术，研究结果发现，PDGF组与自体骨移植（取髂骨植骨）具有
相似的融合率，但是 PDGF 组具有疼痛少，安全性能高的优点。（3）、BMPs：
BMPs 是目前研究最多的可以促进骨折愈合的因子，尤其是 BMP-2 和 BMP-7。
Friedlaeder等[29]将 124名患者随机分为两组，其中一组使用锁定髓内钉与 BMP-2
联合，另一组则使用自体骨移植来治疗胫骨不愈合，第 9个月发现，两组间的骨
折愈合率并没有显著差异。而另外一项研究 [30]则将 BMP-7 改成不同浓度的
BMP-2，来治疗开放性胫骨骨折，结果发现，高浓度组的患者发生不良反应的几








20μg以及 40μg的 PTH，结果发现，20μg组效果最好，但长期结果未报道。 
还有一些炎性细胞因子在骨折愈合中的应用，比如 TNF-α、IL-1、IL-6、IL-8
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